The convergence control parameter and the technique of c 0 -curves is an unavoidable part of any homotopy analysis method work. The mathematical background of this parameter has been studied by other authors. Here we revisit this parameter and its essence; we mention that in some examples the parameter may fail to work. Also we give some comments in using the technique of c 0 -curves and show, through examples, that a misusage may lead the user to wrong results.
Introduction
Homotopy analysis method (HAM) is an efficient method for handling various kinds of functional equations like PDEs [10, 18, 21] , ODEs [22, 23, 5] , BVPs [1] , systems of equations [14, 3] , fractional forms [17, 12, 20] , integral equations [15] and many other families and it actually is a technique specialized for nonlinear equations [21, 23] . Other than applied mathematicians, the method has found its way into different fields in engineering and sciences, for example chemists, physicians, biologists also take advantage of this powerful analytic technique for coping their own problems and equations. One can, also, find HAM footprints in other fields like finance problems [19] .
In the framework of the HAM, if the equation under study has a solution, which has a series representation, then HAM is able to give a good approximation of this solution. HAM is equipped with a convergence control parameter (CCP) [7] and the final representation of the solution is dependent upon this parameter. Using this parameter one can easily control and possibly extend the convergence region of the solution obtained; this advantage makes HAM a favorite technique for applied mathematicians.
It has been proved that the HAM solution with this CCP is a Taylor series expansion of the exact solution at some point [11] . The Taylor series expansions usually have restricted convergence regions which makes them useless in some applications; the CCP is a gift of HAM to the community of analytic and semi-analytic methods which can easily overcome this lack.
Although CCP is generally accepted in the HAM community and it has enriched the HAM, there are still open questions about it that should be discussed:
 Is CCP able to control and extend the convergence region of HAM solution to any equation?  Is the technique of c 0 -curves an efficient method to find suitable values of the CCP in any case?
These are sample and general questions which haven't been explicitly answered yet. In this work we would address similar questions and challenges concerning CCP and try to answer them to some extent.
The focus of this paper is on the CCP which is just one of the four well-known auxiliary elements in HAM. For discussions and similar works on other auxiliary elements, that HAM is equipped with, the interested reader can refer to [13, 15] .
The early HAM which was proposed in [21] , didn't have any CCP and this parameter is added to the homotopy equation in 1997 [4] . At the same time, Liao proposed a numerical method called "the technique of c 0 -curves" (TCC) to find acceptable and suitable values of the CCP, since then the parameter and the technique have extensively been used by HAM workers. The c 0 -curves and its results is an unavoidable section of any HAM work.
Despite general approval of the TCC, till 2011 there was neither an explicit mathematical reasoning, nor a detailed discussion for this powerful tool. In 2011 Abbasbandy et. al. [2] proved that the TCC does have a powerful mathematical background and once it is used carefully it would give us the desired convergence region. However there are still gaps that should be filled in. The main concerns of the authors in this work are: The first two questions are discussed in section 2 and section 3 is devoted to the third question.
Role of the CCP in HAM
Expected from its name, the CCP is able to control and extend the convergence region of the series solution obtained by HAM, i.e. the HAM solution. Following examples clarify this ability. accept that the solution series is absolutely convergent, rearranging the terms we have the following representation for the solution:
of course we accepted that One question arises here: Is the CCP can extend the convergence region of any HAM solution?
As best of our knowledge, there is no clear answer to this question. However we show that the answer would be "No", at least in the case of systems of linear equations. The upcoming example shows that when we are faced with linear equations, the CCP may not work. According to HAM the resulted system reads: 
Evaluating the CCP
The HAM output is a series with respect to a So far the only numerical method is the well-known TCC. TCC is proposed in 1997, almost the same time when CCP was introduced to the homotopy equation and since then it has largely been used by HAM users. The approximation resulted from HAM is in fact a truncation of the generalized Taylor series of the exact solution [11] which depends upon a CCP, let's denote this approximation by 
Some Numerical notes
In applying HAM and using the CCP there are some notes that should be considered by users, especially non-mathematicians. Adding 0 c to the homotopy equation increases the computational complexity of the problem and the process gets more complicated and time-consuming when 0 c -curves should be plotted, so it would no more be a hand-pencil method. Actually HAM is a method of this age, the Computer Age, we have high-speed CPUs and powerful soft wares (like Mathematica, Maple and Matlab) that can do millions of operations in seconds, and as Liao states [21] : "The concept of analytic solution should be updated and in the time of computer, an analytic expression is not absolutely necessary to be only a few terms. In this meaning, the homotopy analysis method is for the time of computer, more or less." 
How much promising is the TCC?
Although the theorem in [2] proves the mathematical reasoning of the TCC, there are still unknown and vague points in its implementation which should be carefully discussed. One should be very careful about numerical implementation and the notes which have been pointed out in section 2.2. To use TCC one has to decide on some elements in advance, which can be listed as:
 the order of approximation needed for plotting the No reference in HAM gives an explicit clue on how to choose these elements. Liao asserts that the type of the quantity is of less importance [10] . This is reasonable because once we accept that the HAM solution is a generalized Taylor series at some point [11] then any quantity concerning a derivative would simply relate to the original function through differentiation. In the case of uniform convergence the convergence of the series results in the convergence of its derivative, this fact makes no difference between quantities used to draw It is really important to choose the above mentioned elements carefully and a wrong choice may mislead the user.
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